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Background: Hypertrophic olivary degeneration (HOD) is a pathological phenomenon 
that occurs after injury to the dentato-olivary pathway. Its hallmarks include hypertrophy 
of the olive with increased T2 signal intensity on magnetic resonance imaging, and often 
manifests with palatal tremor and oscillopsia clinically. 
Method: We report the cases of four patients who developed delayed HOD after surgical 
resection of pontine lesions. 
Findings: We discuss the anatomical and pathological details of this disease and review 
the few other reported cases of HOD after resection of lesions within the brainstem. 
Conclusions: HOD should be recognized as a possible complication of surgery within the 
brainstem and must be diagnosed promptly so that patients can be appropriately 
counseled and symptoms can be treated. 
Keywords: hypertrophic olivary degeneration; surgery; cavernous malformation; 
brainstem 
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Hypertrophic olivary degeneration (HOD) is a rare phenomenon that occurs after an 
insult to the dentato-rubro-olivary pathway of the brain stem. As the name implies, it is a 
degenerative disorder that initially causes hypertrophy, and thus enlargement, of the 
inferior olivary nucleus. The first description of this process is attributed to Oppenheim 
(19). In 1889, he described the pathological enlargement of the inferior olivary nucleus 
in postmortem examination. Later, HOD was associated anatomically with lesions of the 
central tegmental tract and dentate nucleus and also clinically with palatal tremor. 
Insults to this pathway are most commonly caused by vascular pathology but can include 
trauma, tumor, demyelinating or degenerative diseases, and surgical manipulation, as 
well as hemorrhage or infarct. We describe four patients who presented with 
symptomatic pontine cavernous malformations that were treated with microsurgical 
resection. Three of these four patients developed delayed palatal tremor postoperatively, 
and HOD was noted on subsequent MR imaging in all four cases. We examine the 
anatomical and pathological details of this disease and review other cases of HOD after 
resection of cavernomas of the brains tern that have been reported in the literature. 
Case Reports 
Case 1 
This 45-year-old man had a 9-year history of symptoms from a brainstem cavernous 
malformation. His symptoms began with sudden-onset diplopia. Clinical evaluation at 
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postponed. He presented 9 years later with sudden-onset horizontal diplopia and sensory 
changes on the right side of his body, as well as some weakness of his right arm. 
Examination revealed bilateral abducent weakness, right-sided pronator drift, and 
hyperreflexia with diminished vibratory sensation. Magnetic resonance (MR) imaging 
was repeated, and a I2-mm left-sided cavernoma, located in the paramedian dorsal 
tegmentum of the caudal pons, presenting to the ventricular surface, was again visualized 
(Figure IA). It was calcified on computed tomography (CT) images. 
The patient underwent microsurgical resection of the brains tern cavernous malformation 
via a midline suboccipital craniectomy with a transvermian approach to the inferior 
fourth ventricle. The cavernoma was visualized and the brainstem was entered via a 
midline incision into the lesion. The cavernoma was removed without difficulty, but the 
patient had a worsened weakness of his left abducent and facial nerves (House-Brackman 
3/6) postoperatively. He also developed a mild right hemiparesis with some gait 
disturbance. Immediate postoperative imaging showed only unremarkable postoperative 
changes in the resection bed. Evaluation of the pathological specimen confirmed a 
diagnosis of cavernous malformation. The patient was discharged to rehabilitation on 
postoperative day four, and then to home eleven days later. 
The patient's neurological deficits showed steady improvement, but approximately four 
months after his surgery, he complained of vertical oscillopsia of his left eye, and he was 
noted to have some palatal tremor. Repeat MR imaging revealed evolution of the 
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olive with abnormal T2 hyperintensity (Figure 1 C). The patient's symptoms were 
controlled with benzodiazepines and carbamazepine. At the last follow-up examination, 
3 years after surgery, his symptoms are well controlled, but he continues to have mild 
facial weakness and horizontal diplopia. MR imaging at his most recent follow-up 
examination again showed only resolution of postoperative changes with persistent T2 
hyperintensity of his left inferior olivary nucleus. 
ease 2 
This 50-year-old woman presented one month after a sudden onset of diplopia. 
Radiographic evaluation showed a 14-mm cavernous malformation in the left dorsal 
rostral paramedian pons adjacent to the superior cerebellar peduncle with extension into 
the midbrain, distorting the ventricular surface (Figure 2A). Examination revealed 
minimal left trochlear nerve weakness and some sensory changes throughout her right 
face. The patient elected to have the lesion surgically removed. She underwent midline 
suboccipital craniectomy and transvermian approach to the fourth ventricle. The 
cavernoma was visualized as discoloration of the ependyma rostral to the facial nucleus, 
which was mapped electrophysiologically. The cavernoma was entered with a 
paramedian incision 5 mm to the left of midline, above the facial colliculus. The 
cavernous malformation was surrounded by hemorrhage of differing ages and it was 
removed uneventfully. A venous angioma was noted adjacent to the cavernous 
malformation in the resection cavity but was not disturbed. The patient did well 
postoperatively, although she had some worsened diplopia and vertigo. Both of these 
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revealed only postoperative changes in the resection cavity, and pathological evaluation 
confirmed the diagnosis of cavernous angioma. The patient was discharged home on 
postoperative day five. 
The patient continued to have some dizziness, but 17 months after her operation, she 
complained of worsening of her vision and was noted to have bilateral vertical ocular 
oscillations and palatal tremor. Repeat MR imaging showed only unremarkable 
postoperative changes and HOD on the left (Figure 2B,C). Her symptoms were 
controlled with benzodiazepines, and she remains in good condition 2 years after her 
operation. 
Case 3 
This 53-year-old man with a history of alcohol abuse presented acutely with the sudden 
onset of decreased hearing, horizontal diplopia, perioral dysesthesia, and gait ataxia. 
Emergent CT scanning revealed a large hemorrhage within the fourth ventricle and early 
obstructive hydrocephalus. An external ventricular drain was placed and MR imaging 
was performed. These images showed an 8mm abnormality in the midline floor of the 
fourth ventricle at the pontomesencephalic junction, consistent with vascular 
malformation or tumor. Formal cerebral angiography failed to reveal any abnormality. 
The following day, the patient had an acute deterioration with loss of consciousness 
requiring endotracheal intubation. Repeat CT demonstrated increased hemorrhage with 
mass effect upon the brainstem. The patient was taken emergently to the operating room 





University of Utah Institutional Repository 
Author Manuscript 
Hornyak et al. 7 
The intraventricular clot was evacuated and an abnormality in the midline of the floor of 
the fourth ventricle was biopsied. The abnormal tissue was grossly vascular in nature, 
but the final pathologic report revealed no abnormal tissue; although it cannot be 
confirmed, the lesion was presumed to be a cavernous malformation. Postoperatively the 
patient made a fair recovery. He was discharged from the hospital 4 weeks later with 
significant diplopia and severe ataxia of his trunk. By six months after his operation his 
diplopia had resolved, and his ataxia had improved to the point he could ambulate with a 
cane. His MR images at that time demonstrated the site of the lesion in the midline of the 
pontomesencephalic junction (Figure 3A) and radiographic HOD (Figure 3 B,C), but he 
never demonstrated oculopalatal myoclonus. The patient continued to improve, but was 
lost to follow-up one year after his surgery; he was still suffering from ataxia. 
Case 4 
This 47-year-old woman with a known history of multiple cerebral cavernous 
malformations presented with an acute change in mental status after several days of 
headache and right upper extremity numbness. On neurological examination, she was 
opening her eyes only to voice but following commends. Her right pupil was 3 mm and 
reactive, while her left pupil was 5 mm and sluggishly reactive. She had limited upward 
gaze on the right, and complete ophthalmoplegia on the left. Her strength was normal on 
the left, but she demonstrated extensor posturing on the right. Emergent CT of the head 
revealed a 2.5-cm mesencephalic hemorrhage as the cause of her Weber syndrome. Her 
neurological condition declined initially but improved after placement of an external 
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within the mesencephalon eccentric to the left, with extension into the left thalamus and 
cerebral peduncle, resulting in significant mass effect and effacement of the prepontine 
and interpeduncular cisterns, consistent with a cavernous malformation (Figure 4A). 
When the patient's clinical condition had stabilized, she underwent evacuation of the 
hematoma and resection of the cavernoma. The lesion was removed via a frontal 
craniotomy and a transcallosal approach. Intraoperatively, the hematoma was seen at the 
surface of the midbrain and a cavernous malformation was found and resected from the 
wall of the clot cavity. Postoperatively, the patient was neurologically unchanged, 
following commands and withdrawing the right upper extremity. Tracheostomy and 
feeding tubes were placed, and the patient was discharged to a skilled nursing facility 
after a one-month hospitalization. After six weeks, she showed improvement but seemed 
to have a Parinaud syndrome. She remained awake, and her pupils remained 
asymmetrical but were both reactive to light yet not accommodation. She had nystagmus 
and limitations of upgaze bilaterally, and her left ocular movements were improved. Her 
strength was improved on the right. She had no oculopalatal tremor. MR imaging 
performed at that time was unremarkable (Figure 4B). Six months after her hemorrhage, 
her ophthalmologic and neurological examination was remarkably improved. She was 
fully oriented and had improved eye movements with stereopsis. She continued to have 
diminished elevation of both eyes and limitations of movement of the left. Her right-
sided strength improved remarkably, but she developed palatal tremor on the left. MR 
imaging demonstrated bilateral HOD (Figure 4C). One year later, her condition remains 
essentially unchanged, with only improvement in her motor function. Her oculopalatal 
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Cavernous malformations are the most common surgically treated lesion in the brainstem. 
The pons is the most common location for cavernomas of the brain stem, with 39% 
occurring within the pons and another 30% involving the pons (6, 21). The natural 
history of these lesions favors surgical excision (6, 29), but even in the best surgical 
hands, morbidity rates up to 10% can be expected (5, 21). Morbidity after resection of a 
cavernous malformation of the brainstem usually involves a worsening of preoperative 
deficits but can also include new deficit. Delayed deficits may also be seen, as with some 
patients whose deficits are associated with HOD. 
The pathological hallmark of HOD is hypertrophy rather than atrophy in response to 
neurological insult to the dentato-rubro-olivary pathway. Pathological changes within the 
olive have been described to occur in six stages (9). The first is a stage of no noticeable 
change immediately after an insult, but in the second stage the amiculum degenerates, 
and then olivary neuronal hypertrophy is noted approximately three weeks after the 
insult. This third stage is followed by glial hypertrophy adding to olivary enlargement 
(4th stage), and then by pseudohypertrophy, which develops as neurons degenerate but 
large gemistocytic astrocytes persist (5th stage). Finally, the olivary nucleus atrophies 
more than a year after the injury (6th stage) (9). Hypertrophic neurons have an enlarged 
dendritic tree and still respond to afferent input (24). Ultrastructural analysis with 
electron microscopy shows increased neuronal size due to neurofilamentous proliferation 
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vesicles. Glial cells demonstrate a marked proliferation of mitochondria (17), and the 
olive may have increased metabolic activity as demonstrated on positron emission 
tomography (4). Radiographic changes correlate with the pathological findings. MR 
images show prolongation of T2 relaxation at approximately three weeks after an insult. 
Olivary enlargement is noted as early as six months after injury and persists for up to four 
years, while hyperintense T2 signal may persist indefinitely (10). This hypertrophic 
variant of degeneration is not unique to the inferior olivary nucleus. Similar hypertrophy 
has been seen in the dorsal root ganglion and in the dentate nucleus (1). The proposed 
mechanism of this change is transsynaptic degeneration (7, 14, 16, 27), which has also 
been described in other areas of the brain, including the lateral geniculate body and fornix 
(8). It is believed that the loss of a functional synapse leads to anterograde degeneration 
and atrophy; however, the inferior olivary nucleus shows hypertrophy of both neurons 
and glia. This may be due to the increase in spiny dendrites and mitochondria, 
respectively, to maintain active connections (17). 
Anatomically, HOD and palatal tremor have been associated with injury to the dentate 
nucleus, the superior cerebellar peduncle, or the central tegmental tract (Figure 5). In 
1931, Guillain and Mollaret described the dentato-rubro-olivary pathway and associated 
disruptions of this pathway with oculopalatal tremor and HOD (11). This pathway, also 
known as the triangle of Guillain and Mollaret, connects the dentate nucleus of the 
cerebellum, the red nucleus of the mesencephalon, and the inferior olivary nucleus of the 
medulla. Fibers originating in the dentate nucleus ascend to the contralateral red nucleus 
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conjunctivum and synapse in the red nucleus. From the red nucleus, fibers descend in the 
central tegmental tract to enter the inferior olivary nucleus. The central tegmental tract 
contains many connections within the brainstem, especially to the reticular system but 
appears to be the major input to the inferior olive. The olive then sends fibers to the 
contralateral dentate nucleus via the inferior cerebellar peduncle, crossing midline at the 
level of the olive, completing the "triangle." Lesions that disrupt this pathway, 
deafferentiating the olive (dentato-rubral or rubro-olivary pathways), can lead to HOD, 
whereas disruption of efferent fibers from the olive (olivo-dentate) are less likely to cause 
HOD (7, 9, 14, 18, 28). This, again, is an example of trans synaptic degeneration, the 
proposed mechanism for HOD. 
A number of causes for disruption of these pathways have been described. The most 
common factor that may contribute to this disruption is cerebrovascular disease 
(infarction or hemorrhage) (2, 3, 10, 14-16,22), but other potential factors include 
traumatic head injury (2), tumor (14, 23), degenerative neurological disease (12), and 
surgical manipulation (27). Cavernous angiomas of the brainstem have been reported 
previously as the cause of HOD (14, 16), but the incidence of HOD after such an insult is 
unknown. Kitajima et al. (15) reported radiographic HOD in eight patients with 
brainstem hemorrhage and another three after cerebellar hemorrhage. Krings et al. (16) 
reported four cases of HOD caused by pontine hemorrhages, presumably caused by 
cavernous malformations. No surgical intervention was undertaken in these patients. 
Controlled cerebellar hemispherectomy in cats produced variable effects on the inferior 
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whom underwent surgical resection, Porter et al. (21) did not report any cases of HOD 
pre- or postoperatively. The incidence of palatal tremor, the clinical hallmark of HOD, is 
also variable. In three autopsy series, one of three (1), two of three (7), and two of 29 
(14) cases (14%) of confirmed HOD demonstrated palatal myoclonus. Thus the 
incidence of HOD after brainstem injury is unknown and the occurrence of palatal tremor 
with HOD is variable. 
Three cases of HOD after surgical resection of pontine cavernoma have been reported 
previously (13, 20, 26). All of the reported cases (including ours) involve symptomatic 
cavernous malformations in the pons that were resected. All seven patients developed 
HOD postoperatively, diagnosed between 3 and 17 months after their surgeries. In all 
cases, including the cases presented here, the HOD was attributed to disruption of the 
central tegmental tract. Four of the seven cases had only unilateral HOD, ipsilateral to 
the lesion and resection. Tsui et al. (26) reported bilateral HOD after involvement of 
both the ipsilateral central tegmental tract as well as the adjacent ipsilateral superior 
cerebellar peduncle, which would disrupt the ipsilateral central tegmental tract, and the 
dentato-rubral fibers ascending to the contralateral red nucleus; this is the presumed 
mechaninism in Patient 3, as his pontine insult was in the midline. However, the 
incidence of palatal myoclonus or tremor is variable, occurring unpredictably in 
association with HOD, and occurring in four of the seven surgical cases reported. The 
myoclonus associated with HOD has been successfully treated with benzodiazepines, 
carbamazepine, and 5-hydroxytryptophan (18). One refractory case has been treated with 
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Thus, when hypertrophy and signal change are seen within the inferior olivary nucleus on 
MR imaging more than three weeks after surgical resection of a brainstem lesion, HOD 
should be suspected rather than a second neurological disease such as stroke or tumor. 
Whenever these changes are seen on MR images, a simple but careful examination of the 
pharynx, larynx, and eyes should be performed. When HOD is considered in the 
differential diagnosis, patients can be counseled appropriately, and medical management 
can be initiated. 
Conclusion 
Hypertrophic olivary degeneration is a unique pathological entity that occurs variably 
after injury to the brainstem. Specifically, injury to the dentato-rubro-olivary pathway 
can result in HOD pathologically or radiographically, and may present with or without 
palatal myoclonus. In patients who develop these findings after having undergone 
resection of a lesion of the brainstem that may have affected these pathways, HOD 
should be considered. Radiographic abnormalities usually progress predictably. It is 
important not to mistake HOD for a new ischemic event, degenerative disease, or 
malignancy. If HOD is suspected, symptoms can be treated medically. It is important to 
consider HOD as a potential complication of surgical resection of cavernous 
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Figure 1: MR imaging scans of Patient 1. (A) Axial T2-weighted, preoperative MR 
image demonstrates the location of the cavernous malformation in the left dorsal 
pons. (B) Axial, unenhanced Tl-weighted MR image obtained four months 
following resection demonstrates the unremarkable postoperative changes at the 
operative site (arrow). (C) Postoperative axial FLAIR MR image shows increased 
signal intensity in the left lateral medulla with an enlarged of the olivery nucleus 
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Figure 2: MR imaging scans of patient 2. (A) Axial, unenhanced, fat-suppressed T1-
weighted MR image demonstraties preoperative location of cavernous 
malformation with in the left dorsal pons. (B) Axial, unenhanced T1-weighted 
MR image obtained 17 months postoperatively demonstrates the unremarkable 
changes in the resection bed (arrow). (C) Postoperative axial FLAIR MR image 
shows increased signal intensity in the left lateral medulla with an enlarged of the 
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Figure 3: MR imaging of patient 3. (A) Axial, T2-weighted MR image obtained 6 
months postoperatively demonstrates the unremarkable postoperative changes in 
the brainstem. The resection cavity is located in the midline at the 
pontomesencephalic junction (arrow). (B) Postoperative axial FLAIR MR image 
shows increased signal intensity within the lateral aspect of both sides of the 
medulla with enlargement of both inferior olivary nuclei; bilateral HOD. (C) 
Postoperative sagital FLAIR MR image demonstrates the increased signal 
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Figure 4: MR imaging of patient 4. (A) Axial, unenhanced Tl-weighted MR image 
demonstrates preoperative location of cavernous malformation within the left 
mesencephalon. (B) Axial, unenhanced Tl-weighted MR image obtained 6 
months postoperatively demonstrates the unremarkable changes in the resection 
bed and improvement of mass effect. (C) Postoperative axial FLAIR MR image 
obtained 18 months after intervention shows increased signal intensity within the 
lateral aspect of both sides of the medulla with enlargement of both inferior 
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Figure 5: Illustration of the brainstem pathways involved in HOD. The triangle of 
Guillain and Mollaret is depicted. Injury to the central tegmental tract or the 
superior cerebellar peduncle (Sup Ce Ped), as demonstrated with the "X," are 
likely to cause HOD. Injury to the inferior cerebellar peduncle (Inf Ce Ped) is 
less likely to lead to HOD. 
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Table 1: Summary of seven cases of HOD that developed after surgical resection of 
pontine cavernoma 
C Patient! Author Age/Gender Size of Lesion Time to Diagnosis Palatal 
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